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CHAPTER 1 
INTRODUCTION 
Soybean research carried out at the University of Massachusetts Agricultural 
Experiment Station Farm initially was concerned with the evaluation of cultivars of 
different maturity groups for their suitability for establishment and growth in this 
region and with the examination of different row widths and planting densities to 
determine optima for maximum seed yield. 
Although the highest yields were recorded for cultivars from maturity group 
II (late maturity), cultivars in this maturity class do not come to full maturity in all 
years before a killing frost occurs in this environment. Evans and Altona, cultivars 
from maturity groups 0 and 00, respectively, are those that can be expected to 
mature at this location before frost (Herbert, 1980). Thus, these cultivars were 
chosen for use in further research. 
In row width/density experiments carried out in 1979 and 1980, Herbert and 
Litchfield (1982) demonstrated yield differences among densities and row widths. 
Within each year, pods per plant was the component most responsible for increased 
yields, and very little difference was observed in weight per seed (seed size) among 
row widths and densities. When comparing yields between the two years, however, 
plants had significantly higher yields in 1980 than in 1979, and the component 
responsible for this difference was a 31% increase in seed size. 
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This research is in response to the observation that seed size in the same field 
and for the same cultivar, within years, appears to remain remarkably similar with 
changes in row width and density, while between years seed size can show large 
differences. It investigates patterns of seed yield formation in response to increased 
solar radiation made available to the interior of the soybean canopy at specific 
developmental stages in the soybean life cycle. Also, it examines some of the 
morphological changes that occur in a soybean plant with manipulation of the 
availability of photosynthate through the removal of pods and/or leaves at the onset 
of flowering. It presents a detailed examination of the distribution of seed yield 
components of two soybean cultivars. 
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CHAPTER 2 
LITERATURE REVIEW 
General 
Soybean yield is dependent upon many factors. Soil fertility, the availability 
of moisture in both space and time, weed pressure, insects, pathogens and cultural 
practices all influence yield. In addition, carbon dioxide is necessary for plant 
growth, and both soil and air temperatures influence growth. Begg and Turner 
(1976) concluded that water availability is the greatest limiter of yield on a 
worldwide scale. However, in contemporary farming in the United States, water 
management and the aforementioned cultural factors are to a large extent under 
grower control, and when each is at its optimum, it is solar radiation which most 
influences growth and ultimately determines yield (Monteith, 1965). 
The yield of soybean [Glycine max (L.) Merrill] is composed of four 
components. These components are plant density (plant number per unit of land 
area), pods per node, seeds per pod and weight per seed, which is more commonly 
called seed size (Lehman and Lambert, 1960). Yield is defined as follows: 
Yield = plants/unit area x pods/plant x seeds/pod x mg/seed. 
Changes in any one of these components will affect yield. 
Plant density is most commonly thought of as simply the number of plants 
per unit area, but this is an incomplete description (Willey and Heath, 1969). There 
is another component, that being the pattern in which the plants are arranged within 
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this density. Rectangularity is a method of mathematically describing the 
arrangement of plants in row crops. Rectangularity describes the relationship 
between the inter-row and intra-row spacing of plants, and it is calculated by 
dividing the larger of these two distances by the smaller. A value of 1 indicates a 
uniform or square pattern. Values larger than 1 indicate the degree of 
rectangularity. The larger the value, the more rectangular is the planting pattern. 
Wiggins (1939) showed that within densities, yields increase with decreasing plant 
rectangularity. Shibles and Weber (1966) found that close plant spacing in any one 
direction (high rectangularity) tended to result in a low harvest index, thus showing 
an inefficient utilization of photosynthate between vegetative growth and seed 
production. 
Previously, soybean cultivars were often selected for 100 cm rows due to the 
need for periodic cultivation during the growing season for weed control (Shibles 
and Weber, 1966). In order to obtain adequate populations at these row widths, 
plant spacings within rows by necessity must be high, with resulting high 
rectangularity. With the use of herbicides that provide for early weed control, plant 
spacings that are optimal for seed production rather than mechanical weed control 
are now more practical, and it may be desirable to select for this characteristic 
(Wilcox, 1974). This should allow for planting in patterns of lower rectangularity 
and perhaps would result in better yields. 
Increased seed yields of indeterminate soybean cultivars grown in the 
northern and central regions of the United States from planting in narrow rows (less 
than 50 cm) have been reported by many researchers (Lehman and Lambert, 1960; 
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Timmons et al., 1967; Cooper, 1977; Costa et al., 1980; Johnson et al., 1982; 
Herbert and Litchfield, 1984; Willcott et al., 1984). 
Taylor et al. (1982) showed a yield increase of soybean from plantings at 
high densities and narrow rows. Herbert and Litchfield (1982) showed a 31 percent 
increase in yield when row widths were narrowed from 75 cm to 25 cm, a 13 
percent increase when row widths were narrowed from 75 cm to 50 cm, and a 12 to 
16 percent increase when row widths were narrowed from 50 cm to 25 cm. 
When row widths are narrowed while the same plant density is maintained, 
rectangularity decreases, and the pattern approaches "squareness". It is possible, 
therefore, that yield increases reported for narrow row widths may sometimes be due 
to a decrease in rectangularity. Conversely the lack of response often reported for 
density increases within row widths may in fact be due to the effects of the resulting 
increased rectangularity and not the actual densities. 
Yield increases from decreased rectangularity are thought to result from 
decreased competition for the requirements of growth between individual plants 
(Buttery, 1969; Willey and Heath, 1969; Beuerlein et al., 1971). The magnitude of 
a crop response to changes in rectangularity, however, is highly dependent upon the 
plasticity of the crop. It has been demonstrated that soybean is a very plastic crop, 
and it responds readily to changes in rectangularity (Willey and Heath, 1969) 
maintaining grain yields when grown under a wide range of densities and row widths 
(Beuerlein etal., 1971; Herbert and Litchfield, 1982). Wilcox (1974) demonstrated 
this plasticity well. He grew, at equidistant spacings, three cultivars at fourteen 
plant population densities and found that the yield within each cultivar varied little 
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with population. Even with a 27% change in population from optimum, the yield of 
the most sensitive cultivar did not vary significantly. Because of soybean’s 
plasticity, moderate gaps in rows, as might result from skips in planting or lack of 
germination, usually need not be of concern since they frequently have little effect 
on yield (Stivers and Swearingin, 1980). 
Changes in soybean yield from density and row spacing differences appear to 
be expressed mainly by either changes in the number of pods per plant or changes in 
seed size (Mumaw and Weber, 1957; Lehman and Lambert, 1960; Caviness and 
Downey 1969; Herbert and Litchfield, 1982). 
Many researchers have reported that pod number per plant is the yield 
component most responsive to changes in row widths and densities (Lehman and 
Lambert, 1960; Dominguez and Hume, 1978; Herbert and Litchfield, 1982). 
Herbert and Litchfield (1982) reported that of the components of seed yield, pods 
per plant was the component most responsible for changes in seed yield of soybeans 
grown in different row widths within the same year. However, in the same yield 
data it was a change in seed size which caused a yield variation from 1979 to 1980 
in two row width and density field experiments grown at the same location and using 
the same experimental design. 
It appears that there is very little variation in seed size across node positions 
among soybean plants subjected to wide differences in cultural management within a 
year (Herbert and Litchfield, 1982). Between years, though, large differences in 
seed size are frequently noted, and it is this component which is responsible for 
yield increases. Stated differently, under certain conditions yield of a soybean plant 
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is changed by alterations in pod number, while under other conditions yield is 
changed by altered seed size. 
These differences in the responses of the yield components of soybean to 
environmental conditions have been noted for some time. Cartter and Hopper 
(1942) stated: 
"... during flowering and early ovule and seed development 
the soybean plant regulates, by physiological abortion, the number of 
seeds it can fill under existing environmental conditions. Thus when 
unfavorable growing conditions occur early in the season, the plants 
are smaller and less seeds are set. Subsequent favorable conditions 
providing abundant food for those seed set tend to produce larger seed 
than would be produced if the reverse conditions occurred." 
The effect of either improvements or stresses in the soybean environment on 
the yield components of soybean thus depends upon the growth stage of the soybean 
plant when these events occur. 
Shaw and Laing (1966) found that the timing of a short period of drought 
stress affected soybean yield components differentially. When stress was imposed 
during the period from flowering to the middle of seed growth, yield was affected 
mostly by changes in pod number. Later timing of stress caused differences in yield 
by changes in seed size and seeds per pod. The most adverse effect on yield 
occurred when stress was imposed during the middle of the seed growth period 
(mid-pod filling period). 
There are a number of mechanisms whereby narrow rows and/or high 
densities for short season indeterminate soybeans might offer yield advantages. 
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Among these possible mechanisms are changes in the availability of CO2 and soil 
moisture, changes in symbiotic nitrogen fixation, weed control, lodging and 
harvesting efficiency, and perhaps most importantly, changes in the quantity and 
quality of light received within the soybean canopy. 
Carbon Dioxide 
Carbon dioxide can be limiting to optimal soybean growth (Gifford and 
Evans, 1981). Soybean is one of the less efficient photosynthesizers. El-Sharkawy 
and Hesketh (1965) showed that the photosynthetic rate per unit of leaf area of 
soybean at 300 ppm CO2 concentration and intense light is significantly less than that 
of many other crop plants. There are at least two possible causes for low 
photosynthetic rates, these being the biochemistry of the process or the rate of 
diffusion of CO2 to the chloroplasts. 
Net photosynthesis is highly correlated with the leaf weight to leaf area ratio 
(Dornhoff and Shibles, 1970), and this appears to be at least partially due to the 
ratio’s relationship to diffusive CO2 resistance. In corn, resistance to CO2 diffusion 
in the leaf is low, and light saturation is not reached even at high light intensities 
(Brun and Cooper, 1967). In cotton, CO2 diffusion resistance decreases with 
increases in light intensity, but such differences were not found in soybeans 
(Bierhuizen and Slater, 1964). 
When subjected to CO2 concentrations of 1670 ppm, individual soybean 
leaves are able to photosynthesize at four times the rate in the normal atmosphere, 
and the photosynthetic response of soybean to light intensities at this elevated 
concentration is very similar to that of coin in the normal atmosphere (Brun and 
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Cooper, 1967). They therefore concluded that the low photosynthetic rates in 
soybean are due to differences in CO2 diffusion resistance and not to the 
biochemistry of the process and that this resistance to CO2 difftision constitutes a 
large limitation to photosynthesis. 
A number of studies with soybean have demonstrated a relationship between 
leaf starch concentration and net photosynthetic rate. Upmeyer and Koller (1973) 
found that net photosynthetic rate declined when high starch levels occurred in 
soybeans in the afternoon. Thorne and Koller (1974) recorded increased net 
photosynthetic rates of 25 % when leaf starch concentrations were reduced from 23 % 
to 2% in response to an induced high sink demand. 
When they subjected soybeans to increased CO2 levels, Nafziger and Koller 
(1976) reported significantly increased starch concentrations in the leaves and a 
strong negative correlation between net photosynthetic rates and starch 
concentrations. The decreased photosynthetic rate resulted from an increase in 
mesophyll CO2 diffusion resistance, suggesting that starch accumulation may reduce 
net photosynthetic rate by impeding intracellular CO2 transport. The timing of the 
addition of supplemental CO2 affects the soybean plant’s response to the increases. 
Hardman and Brun (1971) studied the effects of CO2 enrichment at various soybean 
growth stages. Plants given supplemental CO2 during vegetative growth showed no 
yield responses. Plants subjected to CO2 enrichment during flowering produced 
more pods, but seed size was smaller and no yield advantage was gained. Plants 
given supplemental CO2 during the pod filling period produced larger seeds which 
caused an increase in yield. 
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Cooper and Brun (1967) found varietal differences in response to increased 
CO2 levels in a greenhouse study and stated that genetic differences in response to 
CO2 may exist in soybean. They believed that one approach to increasing soybean 
yields may be to select soybean genotypes which show higher photosynthetic rates at 
normal (300 ppm) atmospheric CO2 concentrations. 
Changes in a crop’s canopy structure can affect gaseous exchange between 
the atmosphere and the crop (Loomis and Williams, 1963). A well developed crop 
canopy can hinder air currents, and within this well developed crop canopy there can 
be reductions in the normal 300 ppm CO2 concentration especially during the calm 
early morning hours (Newman, 1963). It is possible that as a square planting 
pattern is approached restriction of air movement is lessened and more CO2 may 
become available for photosynthetic fixation into assimilates. 
Moisture 
Soybean planting patterns can have an effect on soil moisture dynamics which 
in turn can affect the growth and yield of the crop. When grown without irrigation, 
narrow rows outyielded wide rows (Cooper, 1977). However, when grown under 
irrigated conditions, soybeans grown in narrow rows showed no yield advantage 
compared to those grown in wide rows (Basnet et al., 1974). Under irrigated 
conditions both narrow and wide rows achieved complete canopy closure by the 
initiation of flowering. 
Timmons et al. (1967) found higher water use efficiencies for soybeans 
grown in narrow rows (20 cm) and at low plant populations. Peters and Johnson 
(1960), in soybean experiments utilizing 20" and 40" rows with the between row 
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area either covered with plastic or left bare, found that from 25% to 50% of the 
moisture lost from the soil was due to evaporation directly from the soil surface, 
depending upon the nature of the season and the plant population. Planting in 
narrow rows versus wide rows increased yields, especially when the soil surface was 
left open to evaporation. Adequate moisture during vegetative growth and early pod 
filling periods was more important for high yields than adequate moisture during late 
pod fill. 
Symbiotic Nitrogen Fixation 
There is evidence that the photosynthetic activity of vegetative tissues and 
consequently the seed yield of the soybean plant are restricted by its inability to 
accumulate N (from either the soil or through symbiotic fixation) at a rate great 
enough to meet the demand generated by seed fill (Sinclair and deWit, 1975) and 
that certain agronomic factors such as row widths, plant populations and solar 
radiation levels affect nitrogen fixation (Lawn and Brun, 1974). 
As the soybean plant ages it suffers from a type of "self-destruction" 
mechanism. Although the nitrogen accumulation rate reaches a maximum during 
seed fill, the nitrogen requirement of the seed is two to two and one-half times the 
rate of N accumulation (Lathwell and Evans, 1951). As a result, vegetative organs 
are exploited for N by the seeds to make up the deficit, and leaf nitrogen 
concentrations decline from 3.5-4% N to 0.5% N. This contributes to leaf 
senescence and a further decrease in photosynthetic capability. 
Aggravating the nitrogen deficiency problem of the leaves is a simultaneous 
loss of nodule activity (Streeter, 1972). A lack of photosynthate supply to the roots 
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and nodules due to competition from the developing seeds is a plausible explanation 
for this activity loss. Lawn and Brun (1974) conducted experiments designed to 
either enhance the source-sink ratio by adding supplementary light or depodding or 
to reduce the ratio by shading or defoliating; they found that an enhanced ratio 
maintained nodule activity above control levels while a reduced ratio decreased 
nodule activity. They concluded that symbiotic N-fixation declines due to an 
inadequate assimilate supply to the nodules and that agronomic and environmental 
conditions that increase plant competition, such as high plant populations and 
reduced solar radiation input, added to the decline in fixation. 
Seed fill duration is thereby linked to and limited by the inability of the plant 
to accumulate or fix N at rates required by seed development, which in turn is 
influenced by, among other factors, row width and density. Consequently, an 
increase in the efficiency of seed set (pods set/flowers initiated) would not be 
expected to result in increased yield unless supported by a several-fold increase in 
N-accumulation (Thomas and Raper, 1976). 
Weed Control 
Peters and Johnson (1965) reported that the more rapid canopy cover that 
narrow row widths and higher densities provide allows for better weed control due 
to the rapid development of shade and its resultant negative effects on weed growth. 
Herbicides need to be effective for a shorter period of time, and thus herbicide usage 
may be reduced (Dougherty, 1969; Parks and Manning, 1980; Heatherly and Jordan, 
1981). With narrow rows, however, early weed control is especially important 
because later cultivation to control weeds may be precluded. 
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Lodging 
Increasing plant densities have the potential to cause increased lodging in 
soybeans, which can result in yield reductions (Cooper, 1971). Lodging has been 
reported to reduce yields by 10 to 32 percent (Johnston and Pendleton, 1968; Woods 
and Swearington, 1977). This is attributed to decreased light penetration into 
canopies with lodged plants. Upright soybeans had 43% and 141% more light at 
middle and lower node positions, respectively, than lodged plants (Johnston and 
Pendleton, 1968). Severe lodging can cause increased flower and pod abortion due 
to severe reductions in light penetration into the canopy, and this can lead to reduced 
yield (Weber, 1966). The effects of lodging are variable, however. Mann and 
Jaworski (1970) imposed lodging of determinate soybeans while carefully avoiding 
self-shading and observed no yield reductions. Shaw and Weber (1967) observed 
that a moderate amount of plant spread simulating minor lodging allowed for 
maximum light penetration and increased yield. 
Harvesting Efficiency 
Harvesting efficiency can be improved with narrow row planting. Planting in 
narrow rows results in a more uniform plant distribution resulting in increased 
combine efficiency. Plants can be fed into the machine more uniformly because the 
harvest cutting area is spread over the entire length of the cutter bar. Also, because 
cultivation is often not required when planting in narrow rows, cultivator ridges are 
absent, and a lower cutting height can be used. Thus more pods at lower nodes are 
harvested, and losses are reduced (Cooper, 1974). 
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The preceding has been a brief review of some of the factors which may 
interact to alter soybean yields and yield components in response to changes in 
planting patterns. However, the major effect of these changes is most probably on 
the quantity and quality of solar radiation intercepted by the crop during its growth, 
especially at certain critical developmental stages, and it is this aspect that this thesis 
will explore more thoroughly. 
Light and Yield Relationships 
Light as a necessity for plant growth possesses a unique status. While some 
of the other essentials of plant growth such as water and mineral nutrients can be 
stored to various extents in the soil or the plant to be used when needed, sunlight is 
accessible to the plant as a "passing stream" to be intercepted and exploited only at 
the instant that it is available (Donald, 1963). Light not captured by a plant while it 
is attainable is lost forever to that plant. 
In order for a crop to convert the radiant energy of sunlight into the chemical 
energy stored in carbohydrates, the sunlight must first be intercepted by the crop. 
The rate of dry matter accumulation of a crop can be defined as a function of the 
quantity of light intercepted by the crop and the photosynthetic efficiency of the 
intercepting tissue (Hesketh and Baker, 1967). Shibles and Weber (1965) showed 
that in soybean the rate of dry matter production is linearly related to the percent 
light interception up to the point of total interception and that further increases in 
leaf area caused no reduction in the rate. This interception is accomplished mainly 
by the plant’s leaves although to some extent also by its stems and fruits. 
Therefore, photosynthesis and dry matter production are related to the amount of 
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leaf area present in a crop community, and this has been shown to be due to the 
influence of leaf area on the interception of light (Brougham, 1956). 
As mentioned previously, increased seed yields of indeterminate soybean 
cultivars grown in the northern and central regions of the United States from 
planting in narrow (less than 50 cm) rather than wide rows have been reported by 
many researchers (Lehman and Lambert, 1960; Timmons et al., 1967; Cooper, 
1977; Costa et al., 1980; Herbert and Litchfield, 1982; Johnson et al., 1982; 
Willcott et al., 1984), and the changes in soybean yield from density and row 
spacing differences appear to be due mainly to either changes in the number of pods 
per plant or changes in seed size (Mumaw and Weber, 1957; Lehman and Lambert, 
1960; Caviness and Downey 1969; Herbert and Litchfield, 1982). 
It is theorized that narrow rows and high densities provide for a more rapid 
development of complete canopy closure by the time plants commence the period of 
seed set and seed filling, with a resultant increase in the interception of solar 
radiation on a unit land basis accompanied by enhanced photosynthate production 
(Shibles and Weber, 1966). This theory is supported by the fact that determinate, 
longer season soybeans grown in the southern United States have not shown 
comparable responses to narrow rows (Hinson and Hanson, 1961; Hicks et al., 
1969; Doss and Thurlow, 1974; Heatherly and Jordan, 1981). The longer growth 
period available to these cultivars is believed to allow for complete canopy cover by 
the onset of flowering even when planting in 75 to 100 cm rows, thus nullifying the 
advantage of planting in narrow rows (Johnson et al., 1982). Additionally, growing 
determinate soybeans in wide rows allows for substantial amounts of between row 
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light, especially when the sun is low in the sky in the morning or late afternoon. 
Under wide row conditions there is little excess leaf area and more lower leaves are 
retained. These leaves are beneficial for interception of this inter-row light (Shibles 
and Weber, 1966) and thus may represent another reason why determinate cultivars 
have not shown yield responses to growth in narrow rows. 
The differential response to row width may also be related to the differing 
growth habits of determinate and indeterminate cultivars. The overlap of vegetative 
and reproductive periods of growth in indeterminate soybean has been cited as 
possibly limiting optimal seed production (Shibles and Weber, 1966). It is believed 
that there is competition between seeds and vegetative parts for the photosynthate 
produced. Determinate soybean cultivars have little or no overlap between their 
vegetative and reproductive growth periods and therefore little competition between 
seeds and vegetative plant parts for assimilates. If determinate cultivars could be 
bred which are suitable for growth in northern areas, it could help overcome the 
competition between vegetative and reproductive growth for carbohydrates produced 
and provide improved yields (Shibles and Weber, 1966; Hicks et al., 1969). 
Determinate cultivars have shown positive yield responses to narrow row 
spacing under certain conditions, however. When southern determinate cultivars 
were planted later in the season, for instance when they are double-cropped after an 
earlier spring crop, yield increases were reported for narrow rows (Egli, 1976; 
Boquet, 1990). The narrow rows were able to achieve complete canopy closure with 
resulting high light interception before the onset of seed set while the wide rows 
were not. 
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The ratio of the leaf area (one side of leaf only) to the soil area it occupies is 
termed the leaf area index (LAI). Percent solar radiation interception and the rate of 
dry matter production tend to increase with increasing LAI, and both tend to reach 
their maximum at similar LAI. However, some crops exhibit an "optimum" LAI 
while others exhibit a "critical" LAI (Brougham, 1958). 
Crops such as subterranean clover and rice which exhibit an optimum LAI 
achieve a maximum rate of dry matter accumulation at a particular leaf area index 
(their optimum LAI) and show lower rates at higher or lower LAI. Crops which 
exhibit a critical LAI, including soybean (Shibles and Weber, 1965) and corn 
(Williams et al., 1965), continue to produce dry matter at the maximum rate even 
when their LAI increases beyond that necessary for accumulation at the maximum 
rate. For crops exhibiting this characteristic, a critical LAI is defined as that which 
is required to give 95% light interception at solar noon. 
The distinction between whether a crop possesses an optimum or a critical 
LAI is important both economically and biologically. Because many crops produce 
more leaf area than is required for maximum light interception, communities which 
have a critical LAI will, other things being equal, produce more dry matter than 
those exhibiting an optimum LAI (Shibles and Weber, 1965). 
As light penetrates the soybean canopy irradiance is attenuated (Sakamoto and 
Shaw, 1967) and spectral distribution changes (Singh et al., 1968). The difference 
in light intensity between a point inside the canopy and the intensity above the 
canopy or between two points in a canopy is a function of the cumulative leaf area 
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between the two points (Saeki, 1963). The following equation developed by Monsi 
and Saeki (1953) describes this difference in light intensities: 
1 = 106*^ 
where 
I = the radiant energy received at the bottom 
of an increment LAI, A 
Iq = incident energy at the top of said LAI 
k = extinction coefficient 
If expressed in the logarithmic form: 
ln(I/Io)=-kA 
a straight line relationship with slope k is formed. 
The extension coefficient, k, is unique to each community. The main 
characteristics which influence the value of k are leaf angle, the arrangement of the 
leaves in the canopy and the optical properties of the leaves in question. 
Extinction coefficients are high in soybean (Willcott et al., 1984). Luxmoore 
(1971) found that the maximum extinction coefficient occurred at 95% of canopy 
height, and Sakamoto and Shaw (1967) found that 90% of the incoming radiation 
was intercepted by the upper portion of the soybean canopy. Since they receive 
much smaller quantities of light than those near the periphery of the canopy, one 
might wonder whether the lower leaves in the soybean canopy are parasitic, using 
more energy than they contribute. However, Shibles and Weber (1965) believed that 
if a crop exhibits a critical LAI, as opposed to an optimal LAI, by definition these 
leaves are not parasitic. 
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The arrangement and optical properties of a crop’s leaves affect that crop’s 
interception of solar energy. (Kriedman et al., 1964). Important factors influencing 
leaf arrangement include the quantity of leaves and their size, orientation and spatial 
distribution (Cowan, 1968). Donald and Hamblin (1976) felt that the ideotype best 
suited to provide high grain yield would have small erect leaves which would allow 
for good light penetration into the interior of the canopy. 
Corn has a rather open canopy, and this allows for large amounts of light 
penetration. Although varying with population and row width, net radiation at 
ground level in a fully developed corn crop was found to be 34-54% of that above 
the field (Tanner et al., 1960; Auberin and Peters, 1961). 
Due to its large leaves and phyllotaxy, soybean has a more closed canopy than 
many crops. Soybean permits very little light penetration deep into the canopy. In 
contrast to corn, net radiation at ground level for soybean was 12-18% of that above 
the crop (Singh et al., 1968). However, even among soybean cultivars there are 
differences in light penetration. Johnston and Pendleton (1968) using Amsoy, a 
small leaved cultivar, reported greater interior canopy light penetration than 
Sakamoto and Shaw (1967), who conducted their experimental work with Hawkeye 
which possesses different morphological properties. Hicks et al. (1969), in 
experiments with soybean cultivars having different leaf characteristics, found that 
more insolation penetrated into the canopy, especially the upper strata, of those 
cultivars possessing narrow, erect leaf types than those with normal leaf types. 
The uniformity of the soybean canopy can itself act as a further limitation to 
light penetration. Mumaw and Weber (1957) grew mixtures of soybean cultivars 
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having differing or similar growth habits and canopy architecture. The yield of the 
soybeans with differing growth forms exceeded the mean yield of their pure lines to 
a greater degree than the mean of the soybeans with similar growth habits exceeded 
the yield of their pure lines. They suggested that the irregular canopy structure of 
the differing cultivars allowed for better canopy light penetration and thus better 
yields. 
Although soybean dry matter production is highly influenced by LAI and light 
interception, seed yield is not always correlated with these factors (Shibles and 
Weber, 1966). Taylor (1980) measured higher LAI’s in 100 cm rows than in 25 cm 
rows, but the narrow rows had equal or higher yields. 
The harvest index is the ratio of the economic yield, which for soybean is seed 
yield, to the biological yield. Harvest index can be used as a measure of the 
efficiency of photosynthate partitioning (Donald and Hamblin, 1976). The 
correlation between seed yield and harvest index shows yearly variation thus 
indicating that environmental conditions exert an influence on these parameters 
(Schapaugh and Wilcox, 1980). By studying the harvest index Shibles and Weber 
(1966) concluded that seed yield was "a function of the differential utilization of 
photosynthate between vegetative and seed production." They theorized that high 
seasonal interception of sunlight is not as important to optimal seed production as is 
maximum interception during the period of seed formation and filling. Taylor et al. 
(1982) concluded that it is the efficiency of the utilization of the products of light 
interception that is especially important at these critical stages in development. 
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Flower and pod abortion have been implicated as a source of potential yield 
loss in a variety of crops. Carlson (1928) observed flower abortion of 66% of 
alfalfa buds on individual racemes. Kearney and Peebles (1926) observed that 
approximately 45% of buds drop from cotton plants. 
Soybeans plants flower abundantly, but only a small percentage of these 
flowers complete the development into mature, seed-bearing pods. Large numbers 
of the flowers and pods formed during the growth period abscise before maturity 
(Lehman and Lambert, 1960; Creighton, 1983). van Schaik and Probst (1958) 
measured flower abortion at levels ranging from 26% to 52%, depending on 
cultivar, and also recorded that those cultivars producing the largest numbers of 
flowers also had the highest percentage of shedding. Pods in various stages of 
development accounted for 33% to 50% of the abscission of reproductive parts. 
Hansen and Shibles (1978) measured abscission rates of 35% to 40% for 
flowers and 40% to 44% for pods of two Midwestern indeterminate cultivars. They 
noted that highest rates of abscission occurred on the branches and lower main stem 
nodes for both cultivars and that above the sixth node the percentage pod set was 
nearly constant. Weibold et al. (1981) concluded that abscission was greatest in 
those sections of the canopy where light penetration was lowest. Heindl and Brun 
(1984) reported that in Evans soybean there was little variation in the number of 
flowers formed at each node, but the final number of pods per node varied widely 
according to the node’s location on the plant. The nodes in the middle portions of 
the plant accounted for at least 75% of the main stem yield. Therefore, percent 
abscission was the main determinant of the final number of pods per node. 
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Egli et al. (1978) found the number of seeds and pods being produced to be a 
function of the amount of photosynthate available for growth. It is speculated that a 
lack of photosynthate supply later in the season is a major factor in determining 
abortion rates of soybean seeds and pods and hence yield (Taylor et al., 1982). In 
row width experiments, 25 centimeter rows retained an average of 86% of their 
maximum pod number, while 100 cm rows retained only 60% due to the inability of 
the wider rows to intercept as much light (Taylor et al., 1982). Hardman and Brun 
(1971) stated that the "economic yield of soybeans is limited by the availability of 
photosynthate during the post flowering stage of development". 
Removing floral buds has been shown to reduce the natural rate of bud and 
flower shedding, which suggests that a soybean plant has the potential to produce a 
given quantity of seed for a given set of environmental conditions (Hicks and 
Pendleton, 1969). 
Numerous investigations have been conducted to determine the effects of 
increased light penetration into and shading of the canopy of numerous crops, 
including soybean. Early et al. (1966) recorded yield reductions in corn that was 
shaded for various periods during its growth. Prine (1971) thinned corn plants to a 
lower population during various stages of their growth period. This allowed 
increased light levels to penetrate into the canopy, and it also increased yield. He 
found that ear development and seed yield were especially sensitive to light levels 
during the silking period. 
Although not parasitic, the lower and interior leaves of soybean could be near 
the compensation point due to their intense shading, and they may thus contribute 
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little to overall yields. The upper leaves in the soybean canopy, on the other hand, 
receive light far in excess of their light saturation point (Hicks et al., 1969). 
Therefore, photosynthetic efficiency and dry matter production could be expected to 
increase if the upper leaves allowed more light to reach deeper into the canopy. The 
upper leaves would remain light-saturated, while the lower leaves could contribute 
more to seed production due to the extra radiation available to them. 
The work of McAlister and Krober (1958) lends support to the existence of 
light oversaturation of the peripheral leaves of soybean and illustrates that the 
photosynthetic potential of inner leaves is underutilized. They found that removal of 
less than half of the leaves in the soybean canopy had little or no effect on yield due 
to better canopy light penetration and the resulting improved illumination of interior 
leaves. Light enrichment studies have shown that the soybean plant is capable of 
filling more pods and seeds than are normally produced through to maturity (Schou 
et al., 1978). Light enrichment can be thought of as being similar to a situation in 
which plants are arranged in a less dense but more equally spaced plant population 
for which yield has been shown to increase on a per plant basis (Weil and Ohlrogge, 
1976). 
Kokubun and Watanabe (1981) found that when plants were altered to allow 
for increased light interception there was an increase in the number of pods per unit 
area due to an increase in photosynthate available for pod-setting. Caviness and 
Downey (1969) reported a yield advantage in soybeans given supplemental light in a 
field experiment. The yield advantage over non-light supplemented plots was 
achieved by greater seed set even though seed size was smaller than that on control 
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plants. Parks et al. (1971) demonstrated an increase in seed yield by installing 
reflectors which increased light penetration into the canopy. 
Johnston et al. (1969) made extensive observations in experiments in which 
they increased the light made available to the interior of the soybean canopy by the 
installation of fluorescent lamps at three canopy levels. Adding light to the bottom, 
middle and top of the canopy increased yields by 30%, 20% and 2%, respectively. 
The light rich plants had more seeds, pods and seeds per pod than the controls but 
smaller seed size. Under control conditions the apparent photosynthetic rates of the 
bottom and middle leaves were 13% and 60%, respectively, of the top leaves. 
When exposed to fiill sun, however, the bottom and middle leaves fixed 25% and 
50% more CO2 than when naturally shaded thus leading the researchers to conclude 
that although there is some overall metabolic degeneration to shaded leaves over 
time, they can recover if exposed to normal light intensities. This phenomenon is 
not unique to soybean leaves. Older shaded corn leaves, if exposed to normal light 
intensities, can fix CO2 at the same rate as younger leaves (Moss, 1960). 
In both supplementary light experiments and row width and density 
experiments, it is an increase in the light made available to leaves and developing 
seeds in the lower canopy which is particularly important in achieving increased 
yields (Johnston et al., 1969; Willcott et al., 1984). 
Self-shading of crops in the field is a common occurrence, and agronomists 
exacerbate competition for light by practicing such cultural techniques as "double", 
"mixed" and "relay" cropping (Wahua and Miller, 1978). Just as increasing the 
amount of light available to the soybean canopy causes changes in yield, decreasing 
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the amount of solar radiation causes various physiological changes which are 
manifested by adjustments in yield and yield components. Studies have been made 
of the effect of shading on the yield of numerous crops. 
Egli et al. (1980) reduced solar radiation to a soybean crop by 60% using 
shade cloth and recorded 19% to 32% reductions in seed yield. Wahua and Miller 
(1978) subjected soybeans to shade treatments which caused 20% to 93% reductions 
in light compared to ambient light. They found that grain yields were highly 
negatively correlated with the amount of shading as were pod number per plant and 
percent leaf nitrogen. The loss of the nitrogen fixing ability of the crop as it 
developed was accelerated by shading. In an experiment to measure the effect of a 
shade cloth tent on CO2 diffusion in the soybean canopy, Allen (1975) reported that 
a 30% reduction in light caused the crop to grow taller and lodge severely although 
total dry matter yield was the same for control and shaded plants. 
As with other growth factors, a plant’s response to a decrease or increase of 
solar radiation is affected by its stage of growth when it is shaded or given the extra 
light. Early et al. (1967) reported that shading corn for three weeks during the 
reproductive stage affected yield more negatively than shading for eight weeks 
during the vegetative or maturation stage. Also working with corn, Prine (1971) 
found that changes in light levels during the silking period had the greatest effect 
upon ear development and yield per plant. 
Schou et al. (1978) imposed various light enrichment or reduction treatments 
of two weeks duration at different stages of soybean development. Two methods of 
light enrichment were used: the installation of reflectors at a 45° angle to the sample 
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row and the installation of black boards of the same dimensions in the same manner. 
Shade cloth, which decreased light by 63%, was used as the light reduction 
treatment. 
Light enrichment treatments increased yield from 6% to 57%, although 
reflectors were the more effective of the two methods, thus illustrating that increased 
light was available from opening up the canopy, but that increased reflectance 
yielded additional advantages. The period of greatest response was the period from 
late flowering to early pod formation. Plants enriched during this period had 48% 
more pods, and seed yields were increased 57% over controls at harvest. The 
number of pods and the seed yield decreased as much as 16% and 29%, 
respectively, from controls for the shade treatment imposed during this same period. 
Yield changes from treatments imposed at other times in the growth stage were not 
as effective in causing changes. Changes in yield and yield components from these 
treatments ranged from none to slightly less than those imposed at late flowering to 
early pod formation. 
Schou et al. (1978) observed, however, that 27 to 34 percent of pods aborted 
during the period of podfilling, indicating that final pod number, although especially 
sensitive to disruptions during late flowering, is determined over a long period of 
time. 
It thus appears that like many other crops, soybean has a particularly crucial 
developmental period, similar for instance to the silking period of corn (Early et al., 
1966; Prine, 1971), during which environmental improvements or stresses have the 
greatest effect upon yield. 
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Source-Sink Relationships 
While the interception of solar radiation by a crop is basic for the production 
of dry matter and the expression of yield, no less important are the mechanisms 
involved in the translocation of the assimilates to other plant parts, especially to the 
seeds, which are the main storage organs of grain crops such as soybean. 
Fundamental to yield of a grain crop is the concept of photosynthetic source 
and sink. Basically, yield is dependent upon the photosynthetic production of 
assimilates by various chlorophyll containing plant parts (the sources), the 
translocation of these products to the seeds (the sinks) and the utilization of these 
assimilates to produce storage materials which give the seed its economic value (Egli 
etal., 1989). 
Because light interception occurs mainly at the top and periphery of the 
soybean canopy (Sakamoto and Shaw, 1967; Willcott et al., 1984) and most of the 
yield comes from the middle portion of the canopy (Herbert and Litchfield, 1982; 
Heindl and Brun, 1984), the relationships between source and sink and the dynamics 
of photosynthate translocation are of special importance to the understanding of 
yield. 
An equilibrium is maintained between source and sink during plant growth. 
Charles-Edwards et al. (1986) state the importance of this source and sink concept 
succinctly: 
"The assimilate requirement of an individual seed plays an important role 
in determining total seed number because the total assimilate requirement 
of all of the seeds on the plant must be in balance with the available 
assimilate supply." 
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The carbohydrate status of soybean leaves is influenced by the interaction 
between the production of photosynthate and its utilization by the developing seeds 
and other sinks, and this status plays an important role in the production of yield 
(Egli et al., 1980). High starch concentrations in leaves, which can result when 
photosynthesis produces more assimilates than can be utilized by the available sink 
size, have been implicated in inhibition of net leaf photosynthesis (Nafziger and 
Koller, 1976). Among the mechanisms by which high starch levels might cause this 
inhibition are increased biochemical carboxylation resistance, increased CO2 
diffusion pathlength due to physical swelling of chloroplasts or physical shading of 
chloroplasts by the starch granules (Nafziger and Koller, 1976). Conversely, it is 
hypothesized that decreased starch concentrations stimulate photosynthesis by 
alleviating end product inhibition by soluble sugars (Neales and Incoll, 1968). 
Reducing the sink demand by pod removal in soybeans resulted in the accumulation 
of carbohydrates in various plant parts (McAllister and Krober, 1958; Egli and 
Leggett, 1976), while reducing the supply of photosynthate by defoliation or 
shading, caused reductions in the carbohydrate levels in leaves and other plant parts 
(McAllister and Krober, 1958; Thorne and Koller, 1974). 
The photosynthetic activity of wheat during the vegetative period partly 
determines the number and size of the ears and thus influences yield. During the 
first two weeks after anthesis photosynthate supply exceeds transport to seeds 
causing increased accumulation of sugars in the stems. This reserve carbohydrate 
pool is later drawn on for grain filling (Asana, 1968). In soybean, however, 
economic yield does not appear, within limits, to depend upon sink size. For 
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instance, the removal of 33% of floral buds (Hicks and Pendleton, 1969) or 17% to 
22% of pods (McAlister and Krober, 1958) caused no reduction in yield. 
Numerous studies have been conducted in which the photosynthetic sources 
and sinks have been manipulated in order to determine the effects on the dynamics 
of yield determination. Most entail partial flower removal, depodding and/or 
defoliation of plants with the rationale being that these treatments simulate various 
environmental scenarios. Depodding simulates plants which set seeds under 
unfavorable environmental conditions and experience more favorable conditions 
thereafter. Defoliated plants simulate those setting a large number of pods under 
favorable conditions during the period of early pod set but later encountering 
unfavorable conditions during the seed filling stage thus causing competition among 
the seeds for a restricted photosynthate supply (McAlister and Krober, 1958). 
There is conflicting experimental evidence regarding translocation patterns of 
assimilates from leaves to pods and seeds in the soybean plant. Some researchers 
have concluded that translocation of assimilates is mostly limited to those pods and 
seeds located on the same node or two nodes above or below the source leaf 
(Thrower, 1962). Stephenson and Wilson (1977) reported that during seed filling 
most of the radioactivity fixed by a leaf was found in pods attached at the same node 
and at two nodes distant. 
While investigating the effects of the growth regulators Ethrel and Alar on 
soybean Blomquist and Kust (1971) discerned two translocation patterns: (1) non¬ 
specific transport to meristematic tissues above the fed leaf before the beginning of 
pod fill and (2) translocation during rapid pod fill to the pods at the axil of the 
29 
^'‘C02-fed leaf and at the second below. A strong phylotaxic control of translocation 
was found. There was very little translocation to pods on the side of the stem 
opposite the fed leaf, and after podfilling commenced there was very little 
translocation to roots and nodules. This is probably related to the arrangement of 
the vascular system of the soybean plant. The soybean stem has an alternate leaf 
arrangement except for the cotyledons and the primary leaf pair. Thus the next leaf 
that is encountered on the same side of the stem as any leaf under consideration, is 
always two nodes above or below. 
Other investigators believed that long distance translocation operates. The 
pattern of seed filling in soybean falls into three rather distinct phases (Hanway and 
Weber, 1971; Koller et al., 1970). There is an initial lag phase having a very low 
rate of growth followed by a period characterized by a relatively rapid linear growth 
rate and then another period during which growth slows to a halt. In addition, it is 
recognized that the daily seed development of soybean utilizes the concurrent 
products of canopy photosynthesis (Lawn and Brun, 1974; Egli and Leggett, 1976). 
The constancy of the seed growth rate during the linear growth phase coupled with 
the fact that there usually are substantial daily fluctuations in photosynthate 
production during that growth stage have led some researchers to conclude that there 
must be long distance redistribution of assimilate occurring (Thorne, 1979). 
To investigate the phenomenon of long distance translocation, Gent (1982) 
caused field-grown soybean plants to develop Y-shaped stems consisting of two 
symmetrical branches, and then he manipulated the source-sink relationships. One 
treatment entailed the removal of two-thirds of all pods at each node from one 
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branch and two-thirds of all leaflets at each node from the opposite branch of the Y- 
plants. The second treatment was the removal of one-third of all the pods and 
leaflets at each node from both branches. The final yield (g m'^) for each of the 
individual branches of both treatments was not statistically different, although it was 
10% to 20% less than for the control plants. Since the leaf area of one branch was 
only one-third that of the other branch in one of the treatments, long distance 
translocation of assimilate from one branch to the other must have occurred in order 
to support seed growth. 
Johnston and Pendleton (1968) defoliated the upper, middle and lower thirds 
of soybean plants and reduced seed yield by 17, 22 and 40%, respectively. Removal 
of leaves from a particular area of a plant generally decreased seed yields within that 
area, but it also affected yields of other areas of the plant. When a large leaf area 
which subtended the central portion of the plant was removed, there were marked 
effects on seed yields of other portions of the plant thus suggesting photosynthate 
translocation. 
The possibility of assimilate accumulation in pod walls and later 
redistribution to developing seeds in soybean as a mechanism to facilitate yield has 
been advanced. After removing pods from soybean, Egli and Leggett (1976) 
observed an increase in the dry weight of the remaining pod walls suggesting 
possible photosynthate accumulation in these tissues. However, Thorne (1979) 
reported that assimilate redistribution from pod walls was limited to very short- 
season cultivars late in the season during leaf senescence and theorized that this 
redistribution may benefit yield by effectively prolonging the pod-filling period. 
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The soybean plant overproduces flowers and is able to compensate for a 
considerable amount of flower removal with little or no reduction in yield. When 
Hicks and Pendleton (1969) removed all floral buds from any 1/3 portion of the 
soybean plant, seed size increased and yield per plant was not reduced. When all 
buds were removed from either the upper or lower 2/3 portions of the plant, the 
increase in seed size could not compensate for the reduction in the number of pods, 
and yield per plant was reduced. Removing all flower buds from all main stem 
nodes did not alter yield, but removal of all flower buds from all branches reduced 
pod number per plant and yield. Both treatments caused an increase in seed size. 
McAlister and Krober (1958) removed from 10% to 80% of the pods from 
two determinate soybean cultivars near the end of the flowering period and found 
that an increase in seed size was able to compensate for pod removal rates of up to 
22%. Removal of 80% of the leaves reduced seed yield 50%, and 40% defoliation 
caused a yield reduction of 21%. 
Cotyledon cell number is a major determinant of genetic differences in the 
seed growth rate (SGR) (Egli et al. 1989), and final seed yield of soybean is a 
product of the seed growth rate and the effective filling period (EFP). One might 
therefore wonder whether source-sink relationships might affect yield by influencing 
cotyledon cell number which in turn would affect SGR. An increase in SGR, if not 
accompanied by a shortened EFP, could lead to increased seed yield. 
Egli et al. (1989) found that 66% defoliation reduced cotyledon cell number 
by 21% to 55%, and 80% depodding increased cell number 26% to 102%, thus 
demonstrating that cell number is influenced by the physiological environment during 
32 
the cell division phase of seed development. Cell division in soybean cotyledons is 
essentially complete by the first two weeks after flowering (Bils and Howell, 1963) 
which might help to explain why the responses of soybean yield components to 
changes or manipulations in the environment are influenced by the timing of these 
changes. 
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CHAPTER 3 
NODAL RESPONSE OF SOYBEAN SEED YIELD 
COMPONENTS TO INCREASED LIGHT 
Introduction 
The yield of a soybean crop is a function of the photosynthetic production of 
assimilates and the translocation of these assimilates to the seeds, which are the 
major sinks during reproductive development (Blomquist and Kust, 1971; Egli, et 
al., 1981). Because synthesis of the various components of seed yield is highly 
dependent upon the interception of solar radiation, the spatial arrangement of plants 
in a field has a profound influence on crop yield. Spatial arrangement to a great 
extent determines the quantity and quality of the solar radiation intercepted and thus 
exerts a major influence on the processes involved in seed yield component 
development, the resulting interactions among these components and final yield 
(Wiggins, 1939; Lehman and Lambert, 1960; Costa et al., 1980; Herbert and 
Litchfield, 1982; Taylor etal., 1982; Willcott et al., 1984). Consequently, plant 
arrangement and light interception relationships are of paramount importance in the 
study of soybean yields. 
Differential responses of soybean seed yield components to the timing of 
improvements in the availability of the necessary factors of growth or the imposition 
of stresses have been noted (Cartter and Hopper, 1942; Shaw and Laing, 1966). 
Herbert and Litchfield (1982) reported that of the components of seed yield, pods 
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per plant was the component most responsible for changes in seed yield of soybeans 
grown in different row widths within the same year, while between years it was a 
change in seed size which caused a yield variation in two row width and density 
field experiments grown at the same location and using the same experimental 
design. They noted differences in weather, especially solar radiation, between years 
and proposed that differences in the amount of solar radiation intercepted during 
critical times of development were responsible for these yield responses. 
Soybean plants flower profusely, yet only a small percentage of these flowers 
develop into mature pods that contain seeds. Large numbers of the flowers and pods 
formed during the growth period abscise before maturity (Lehman and Lambert, 
1960), and abscission is greatest in those sections of the canopy where light 
penetration is lowest (Weibold et al., 1981). Sakamoto and Shaw (1967) observed 
that only 10% of the incoming radiation reaches the lower portions of the soybean 
canopy and believed that leaves in those portions were not receiving adequate light 
for optimal yield. 
The middle main stem soybean segment generally has the most leaf area by 
the time of rapid seed development (Koller, 1971), and translocation of 
photosynthate is limited across nodes. The majority of photosynthates (60-70%) 
produced by a soybean leaf are ultimately incorporated into the pods and seeds borne 
on the same node or on the two nodes above and below it (Stephenson and Wilson, 
1977). 
Seed yield of indeterminate soybean is unevenly distributed across nodes in 
the canopy with the main axis nodes in the central portion of the plant often 
35 
accounting for a majority of yield (Dominguez and Hume, 1978; Willcott et al., 
1984). In research with Evans soybean, Heindl and Brun (1984) found that the 
nodes in the middle section of the plant accounted for the majority of yield despite 
the fact that there was little variation in the numbers of flowers formed at each node. 
Thus it is speculated that pod abortion caused by lack of photosynthate supply late in 
the season is a major factor in the determination of the number of pods produced and 
therefore yield (Taylor et al., 1982). Hardman and Brun (1971) concluded that "the 
economic yield of soybeans is limited by the availability of photosynthate during the 
post flowering stage of development". 
Considered in total, these observations can provide a partial explanation why 
the nodes of the middle stratum of the soybean canopy generally contribute more to 
final yield than those of the bottom or top strata. When the plant enters the 
reproductive stage of growth, the leaves on many of the lower nodes have already 
abscised or the leaves are highly shaded by leaves of upper nodes, thus lessening pod 
set. Those nodes at the middle section of the plant enter the reproductive growth 
phase when their leaves are in their most photosynthetically active period, therefore 
setting the greatest number of pods. Also, due to their petiole length, these same 
leaves which are attached to the middle portion of the plant are displayed much 
higher on the plant and close to the periphery of the canopy, where light interception 
is greatest (Willcott et al., 1984). 
Light enrichment studies have shown that the soybean plant is capable of 
filling more pods and seeds than are normally produced through to maturity (Schou 
et al., 1978). Caviness and Downey (1969) reported a yield advantage in soybeans 
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given supplemental light in a field experiment. In both supplementary light 
experiments and row width and density experiments, it is an increase in the light 
made available to leaves and developing seeds in the lower canopy which is 
particularly important in achieving increased yields (Johnston et al., 1969; Willcott 
etal., 1984). 
Although studies have been carried out which have dealt with these 
phenomena, the interactions between the interception of solar radiation and the 
production of the components of yield are not yet fully understood. This research 
was initiated to examine patterns of seed yield development in response to an 
improved canopy light environment. Specifically, it analyzed in detail the 
distribution of the seed yield components of two early maturing cultivars, and the 
response of these components to increased levels of sunlight introduced into the 
canopy at particular times in their growth cycle. 
Materials and Methods 
Two soybean cultivars were planted at the University of Massachusetts 
Agricultural Experiment Station Farm in South Deerfield, Massachusetts during the 
summers of 1982 and 1983. The two cultivars were ’Altona’, of maturity group 00 
which matures in approximately 100 days at this location, and ’Evans’ of maturity 
group 0 which matures in approximately 115 days. Planting dates were May 18, 
1982 and May 21, 1983. The previous crop both years was corn \Zea mays L.] 
harvested for silage. The soil was a Hadley fine sandy loam (Typic Udifluvent). 
Normal cultural practices of plowing, disking and harrowing were followed. Soil 
pH was maintained near 6.5 by the application of agricultural limestone, and 
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fertilizer was applied at the rate of 44 kg ha * phosphorous and 83 kg ha * potassium. 
A peat base granular Rhizobium inoculant was incorporated during planting. Weeds 
were controlled chemically by a preemergence application of 1.7 kg ha * a.i. alachlor 
[2- chloro-2’,6’-diethyl-N-(methoxymethyl)-acetanilide] and 0.85 kg ha * a.i. linuron 
[3-(3,4-dichlorophenyl)-l-methoxy-l- methylurea] in both years. Trade names of 
these herbicides are Lasso and Lorox, respectively. 
Seeds with 90% germination were machine planted to a density of 70 plants 
m'^ in 5 rows 50 cm apart in 1982, and 7 rows 25 cm apart in 1983. Plots were 8.5 
meters in length each year. Established densities were approximately 60 plants m'^. 
This population was found to be near optimum at this location (Herbert and 
Litchfield, 1982). The experimental design was a randomized complete block with 3 
blocks in 1982 and 4 blocks in 1983. 
Treatments in 1982 consisted of light enrichment (LE) and control. The light 
enrichment treatment entailed making increased solar radiation available to the center 
row of each plot by installing 90 cm tall wire mesh fencing adjacent to this row 
sloping away at a 45® angle. Fences were installed on June 28, 1982, at the onset of 
flowering of Altona, which is growth stage R1 (Fehr and Caviness, 1977), and 
approximately three days prior to flowering in Evans. Fences were left in place for 
the remainder of the growing season. 
After analyzing the results of 1982 and upon further review of the literature 
regarding seed growth patterns in soybean, we decided to modify the treatments for 
the 1983 research. It appears that there are two stages in soybean growth when the 
plants respond differently to environmental change. These stages are at first flower 
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initiation and early pod production, (growth stages V5 and R4 respectively, Fehr and 
Caviness, 1977). Therefore, treatments in 1983 consisted of two light enrichment 
treatments (LEI and LE2) and control. Treatment LEI was initiated on June 23, 
1983, which was 5 to 7 days prior to first flower at growth stage V5 of Altona. 
Treatment LE2 was initiated at late flower/early pod production at growth stage R4 
on July 21, 1983. 
Fences in both years prevented the encroachment of plants from neighboring 
rows into the growing space and solar interception area of the central sample row. 
The fences were inspected periodically, and all plants behind them were rearranged 
to prevent undue crowding and to allow for normal growth as much as possible. 
The purposes of the fence placement were twofold. The primary objective 
was to allow the central row to receive supplemental solar radiation during the 
growing season. Secondarily, it was desired to keep root competition from 
neighboring rows as unchanged as possible. 
Final yield in 1982 was calculated from a one meter square sample obtained 
by randomly harvesting a 2 meter length of the central row. In order to obtain a 
detailed analysis of yield components, 10 plants were harvested from the center row 
of each plot. Yield component data were recorded for the total plant and at each 
node position. Where branch data are reported, they are for the entire branch and 
are designated according to the main axis node from which it arose. Among the 
data recorded were pod number, seed number, stem dry weight and seed dry weight. 
Seeds were further tabulated on the basis of whether they originated from 1, 2, 3 or 
4 seeded pods. 
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In 1983, final yield was determined from a one meter square sample obtained 
by randomly taking a 4 meter sample from the center row. A separate 15 plant 
sample was taken for the component analysis. Data recorded were similar to those 
in 1982. 
The final data analysis consists of a detailed separation of the yield 
components each year by treatment, node position and origin (i.e. from 1, 2, 3 or 4 
seeded pods) in order to discern the effects of the independent variables upon 
component makeup. 
Results and Discussion 
The seed yield and yield components of 1982 are shown in Table 1, and the 
results of the analysis of variance (ANOVA) are presented in Table 2. 
Yield per unit of row length showed significant cultivar and treatment 
responses, and a significant interaction between cultivar and treatment. Light 
enrichment caused a 66% increase in yield per square meter for Evans over control. 
The separate 10 plant sample taken for yield component analysis illustrated 
that seed yield per plant also showed significant cultivar and treatment responses and 
a significant interaction between cultivar and treatment (Table 2). This is to be 
expected since density at harvest varied only from 53.5 to 55.0 among the 
treatments. Within cultivars the increase in yield per plant of LE plants versus 
control was 62% for Evans, but Altona showed no response to light enrichment. 
Other experiments involving these cultivars (Creighton, 1983; Willcott et al., 1984) 
showed Evans as the more plastic of the two cultivars being more responsive to 
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alterations in cultural practices or environmental changes, such as alterations in row 
width and density or increased sunlight. 
Plasticity is related to the differing growth habits of the two cultivars 
especially in regard to the extent of branching that each exhibits. Evans, the more 
profusely branching cultivar, exhibited earlier canopy closure which was beneficial 
for efficient exploitation of the available light. At a row width of 50 cm, Evans had 
achieved nearly complete canopy closure by the time the light enrichment treatment 
was imposed whereas Altona, which sets fewer branches, did not achieve canopy 
closure until much later at the mid to late flowering period (growth stage R1-R2). 
The seed yield component in 1982 most responsible for the yield advantage 
of the LE plants over the control plants for Evans was the number of pods per plant 
at maturity (Table 1). Similar statistical trends were observed for pods per plant as 
were shown for seed yield (Table 2). This component had the greatest influence on 
final yield. Light enrichment caused a 51% increase in the number of total pods for 
Evans, but no change for Altona. 
The average number of seeds per pod usually remains relatively constant 
regardless of cultural practices or environmental conditions (Herbert and Litchfield, 
1982; Heindl and Brun, 1984), and this component showed little variation either by 
cultivar or by treatment in this experiment (Table 1). In three of the four cultivar 
and treatment combinations the seed number per pod varied by less than 1%, and the 
greatest difference was only 4%. None of these were statistically significant. 
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Seed size (mg/seed) exhibited highly significant cultivar and treatment 
responses, but no significant interaction (Table 2). Altona had 17% heavier seeds 
than Evans. Light enrichment resulted in a 7% increase in average seed size. 
In addition to the component analysis on a per plant basis, all seed yield 
components were farther broken down and analyzed by node position. Figure 1 
shows the distribution of pods for each cultivar and treatment on a nodal basis. 
Regardless of cultivar or treatment, most pods were borne on nodes one through 
seven, and this was similar to previous reports by Herbert and Litchfield (1982) and 
Willcott et al. (1984). For Altona, 85% of the mature pods were borne on these 
nodes in the light enriched plants and 88% occurred on these nodes in the control 
plots. For Evans the percentages were 70% for LE and 68% for control. Pods 
from branches were responsible for much of this trend due to their pod contribution 
at the extreme lower nodes. 
Branch pods accounted for the majority of the total pods produced at nodes 1 
to 3 for both cultivars. On these three lower nodes, branches accounted for 50% of 
the pods on the Altona control plants, 61% on the Altona LE plants, 82% on the 
Evans control plants and 84% on the Evans LE plants. As a percentage of total 
pods, however, each cultivar had very similar figures. Branch pods accounted for 
28%, 23%, 23% and 18% of the total pods for Altona LE and control plots and 
Evans LE and control plots, respectively. 
Besides the large number of branch pods concentrated on the lower nodes, 
both cultivars also showed a great concentration of mainstem pods at nodes 4 
through 7. For the Altona control plants, 39% of total pods were borne on the main 
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stem at these nodes, while for the LE plants the percentage was 42%. For Evans 
the figure for control plants was 43% whereas for LE the percentage was 36%. 
Also evident from the figure is the fact that Evans produced a greater number of 
productive nodes than did Altona, and that nodes 10 and above contributed 
substantially more to the total yield of Evans than to Altona. While only 3% of 
Altona’s pods were produced on nodes 10 and above, 13% of Evans’ pods were 
borne on these nodes. 
There was little or no increase in pod number per node with light enrichment 
at all node positions in Altona, whereas for Evans there was a proportional increase 
across each node position (Figure 1). For Evans, nodes that had the most pods in 
control plants tended to have the largest increases in response to light enrichment. 
Seed number per pod was mostly constant across all main axis node positions 
(Figure 2). This suggests that the proportion of 1, 2, 3, and 4 seeded pods produced 
at each node was relatively constant. The variation in seeds per pod seen at the 
extreme node positions was mostly due to the small number of pods borne at these 
nodes. Since very few pods were produced at these nodes, the presence of a 1- 
seeded or 4-seeded pod unduly weighted the average number of seeds per pod. This 
is reflected in standard error of the mean for these instances. 
Figure 3 shows that seed size was reasonably constant across all nodes and 
was independent of node position for control plants and light enriched plants. It also 
shows that the increase in seed size from light enrichment occurred across most 
nodes for Altona and all nodes for Evans suggesting that the response to light 
enrichment was similar across nodes. However, what was said in the previous 
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paragraph about the variation in the number of seeds per pod at the extreme node 
positions is also true for seed size at these positions. There was a minor trend 
toward increased seed size for the nodes in the middle portion of the plants (nodes 6- 
10). As stated earlier, this was the section of the plant where the majority of yield 
was produced, and it was also the section with the most leaf area. It is also possible 
that these pods were produced during that period of the growing season when 
environmental factors necessary for optimal dry matter production such as the hours 
of sunlight and favorable temperatures were greatest, and therefore there was a 
manifestation in increased seed weight. 
An analysis of pods with one, two, three or four seeds showed that seed size 
was independent of the number of seeds per pod for all node positions (Figure 4). 
The seed yield and yield components for 1983 are shown in Tables 3 and 4 
and in Figure 5. The results of the analysis of variance (ANOVA) are presented in 
Table 5. 
Yields per meter of row showed a highly significant treatment response and a 
significant interaction between cultivar and treatment (Figure 5). Both light 
enrichment treatments were different from the control and from each other. The 
effect of light enrichment initiated at late flowering (LE2) was a 42% increase in 
seed yield compared to control. However, a greater increase of 124% resulted from 
light enrichment imposed 10 days prior to first flower (LEI) thereby indicating that 
an improvement in light conditions early in the reproductive stage was more 
efficacious in increasing yield than increased light after the majority of pods had 
already set. The significant interaction between treatment and cultivar was due to 
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the greater increase in the yield of Evans from early light enrichment. Whereas both 
Altona and Evans responded similarly to the LE2 treatment, early light enrichment 
caused a 183% improvement in the yield of Evans versus a 73% increase for Altona, 
thus once again illustrating the greater plasticity of Evans. 
The analysis of the separate 15 plant yield component sample revealed a 
highly significant treatment effect for seed yield per plant (Table 3), but unlike in 
1982, in 1983 there was no interaction between treatment and cultivar nor a cultivar 
difference (Tables 4 and 5). Early light enrichment caused a highly significant 
145% increase in yield, while the LE2 treatment caused a smaller but still significant 
increase of 52% compared to control. 
The lack of an interaction between cultivar and light enrichment treatments 
for yield per plant in 1983, while there was such an interaction in 1982, may be 
related to the timing of canopy closure of the two cultivars as mentioned previously. 
In 1982, row spacing was 50 cm compared to 25 cm in 1983. Canopy closure for 
Evans control plots was almost complete at first flower in 1982 when light 
enrichment commenced while canopy closure for Altona had not yet occurred and 
did not occur until mid to late flowering. In 1983, with 25 cm spacing, canopy 
closure was complete in the control plots of both cultivars when the first light 
enrichment treatment was imposed a few days prior to first flower, and both 
cultivars benefitted from the improved light penetration into the canopy effected by 
the light enrichment treatments. 
Again in 1983 the number of pods per plant was the component largely 
responsible for the increased yield for both treatments LEI and LE2, although 
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increases in seeds per pod and seed size were also responsible, but to a lesser extent 
(Table 3). The 138% increase in the number of pods per plant for the LEI 
treatment accounted for nearly all of the 145% increase in yield per plant due to that 
treatment, whereas increased pod number for LE2 was only 31 % compared to the 
52% increase in yield from this LEI treatment. 
These results are similar to those reported by other researchers who have 
investigated how changes in the light environment affect the components of soybean 
yield. Schou et al. (1978) found that the imposition of either light enrichment or 
shading treatments for two week periods during various growth stages of Beeson 
soybean had the greatest effect on the number of pods per plant. In addition 
Johnston et al. (1969) found that supplying supplementary artificial light to two 
soybean cultivars, Amsoy and Wayne, also caused pods per plant to be the most 
changeable of the yield components. Numerous density and row width experiments 
with soybean have also demonstrated that the number of pods per plant is the 
component most responsive to changes in density and row width (Lehman and 
Lambert, 1960; Dominguez and Hume, 1978; Herbert and Litchfield, 1982; Willcott 
etal., 1982). 
Light enrichment imposed during the flowering period of soybean reduces the 
amount of flower abscission with a resultant increase in final pod number at harvest. 
If light enrichment is imposed when flowering is almost complete an increase in 
pods per plant can only result from increased pod retention. 
Seed number per pod exhibited a significant treatment response and a highly 
significant cultivar response (Table 5). The increase in seeds per pod from the 
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control ranged from 6% for early light enrichment to 8% for later light enrichment. 
Pods borne on Altona contained 8% more seeds per pod than those from Evans, and 
the lack of an interaction shows that this difference was very consistent among all 
the treatments. 
Seed size exhibited highly significant cultivar and treatment effects (Table 5). 
Altona had seeds 20% heavier than Evans. This was similar to the 17% difference 
in 1982. There was no increase in seed size with light enrichment early in the 
reproductive period (LEI) compared to control. In this treatment the plant 
responded to the increased light by producing and retaining more pods. This lack of 
an increase in seed size for the early light enrichment treatment is analogous to the 
response of soybeans when they are grown at low densities as compared to high 
densities, showing similar increases in pod number at low densities without changes 
in seed number per pod or seed size (Herbert and Litchfield, 1982). When light 
enrichment occurred after the majority of flowering and pod set (LE2), there was no 
significant increase in the number of seeds per pod but there was a 10% increase in 
weight per seed. This increase in seed size indicates that the sink size (number of 
pods) which was determined under the earlier light conditions was less than that 
which the plant was capable of filling when subsequently exposed to increased 
irradiance. Thus seed size was increased. 
The results of the analysis of the number of pods according to node position 
are shown in Figure 6. The majority of pods for both cultivars were borne on nodes 
2 through 9. For Altona these nodes accounted for 70%, 80% and 85% of the total 
p)ods for the control, LEI and LE2 treatments, respectively. For Evans the 
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corresponding figures were 85%, 74% and 85%. This is in contrast to the previous 
year’s results in which most pods were borne on nodes 1 through 7. In 1983, the 
contribution of branches to pod number per plant was relatively small as compared 
to 1982. With the exception of the Evans LEI treatment, in which branches were 
responsible for 84% of pods at nodes 1 to 3, branch contributions to total pod count 
at nodes 1 to 3 ranged from only 3% to 36%. The average pod contribution of 
branches at these nodes was 17%. The branch contribution to the total pod number 
per plant in 1983 ranged from less than 1% to 13%, with an average of 4%. In the 
previous year’s experiment branch contribution at nodes 1 to 3 ranged from 50% to 
84% with an average of 69%, and the contribution of branches to total pod number 
ranged from 18% to 28%. 
These changes in the distribution of pods on the plant and the contribution of 
branches to yield in 1983 as compared to 1982 were probably due to the alteration of 
row spacing from 50 cm in 1982 to 25 cm in 1983, which resulted in earlier canopy 
closure in 1983. Willcott, et. al (1984) demonstrated that narrowing row widths 
caused a decrease in the number of branches produced by soybean. Lack of 
complete canopy closure induces soybean plants to produce branches, and this allows 
for more efficient light interception. The narrower row width would also effect an 
upward adjustment of the pod distribution on the plant because narrow rows cause 
more and earlier self-shading of the leaves at the lower nodes, and nodes higher up 
in the plant would produce more pods. 
For both Altona and Evans, as in the preceding year, the increase in pods 
occurred in a relatively fixed proportion at all node positions in response to both 
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light enrichment treatments (Figure 6). Nodes having the most pods in the control 
plots tended to have the largest increases in response to light enrichment. 
Seed number per pod was relatively constant across node positions (Figure 
7), thus suggesting that, once again, the proportion of 1, 2, 3, and 4 seeded pods 
produced at each node was approximately constant. The increase in seeds per pod 
that was effected by light enrichment occurred evenly across all nodes, although 
there are some anomalies at the extreme node positions due to small sample (pod) 
numbers and resultant high variances. 
Seed size for 1983, on a nodal basis according to cultivar and treatment is 
presented in Figure 8. Seed size was quite uniform at the majority of nodes within 
each treatment and cultivar and also the increase in seed size across nodes for the 
LE2 treatment in Evans occurred consistently at all but the extreme node positions. 
Summary 
These two years’ data have shown that the soybean plant is capable of 
responding to altered lighting conditions during its development, and that positive 
yield responses to improved lighting occur across all main axis nodes. In addition 
these studies showed that the yield increases achieved were greater when the light 
improvement was initiated early in the plant’s reproductive growth period as opposed 
to later. The environmental conditions during the flowering and early pod setting 
stages influence the number of pods that a soybean plant produces while conditions 
after maximum fruit set influence the degree of pod abscission and therefore pod 
number at harvest (van Schaik and Probst, 1958). Favorable light conditions during 
the late vegetative and early reproductive growth stages caused the plant to initiate 
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and retain a large number of pods and produce high yields when conditions remained 
favorable. When improved light conditions occurred after the sink load had been 
influenced by the light conditions during the flowering period, the plant was able to 
increase yield, albeit to a lesser degree, via an increase in seed size and some 
increase in seeds per pod. 
These results help to explain the variation in seed size that we observed 
between seasons in earlier years (Herbert and Litchfield, 1982) and which were the 
impetus for this research. Although the sum of solar radiation available to a crop at 
a specific location during the growing season is relatively constant from year to year 
except in especially rainy or cloud-ffee years, the week to week variation can be 
great, and crops have evolved various growth habits in response. Years with high 
amounts of sun during early reproductive growth stages will allow for large numbers 
of pods to be set, whereas the converse would also be true. The subsequent 
radiational conditions would have a great effect upon the filling of the seeds present 
and their ultimate size. 
There were yield differences in these experiments between years, but the 
analysis of these differences was beyond the scope of this thesis. However, looking 
only at the controls, one sees that 1983 yields were lower than those of 1982, and 
the control plants in 1983 produced far fewer pods than those in 1982. The seed 
size of each cultivar was, however, much larger in 1983 than in 1982 and in 
addition, increased relatively proportionally for each cultivar. In the absence of 
sufficient weather data, I can only speculate that the final yield component 
relationships were the result of poor solar radiation early in the plants reproductive 
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growth in 1983 compared to 1982, and that the increased seed size was a response to 
normal sunlight during the subsequent seed filling period. 
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Table 1. Final harvest yield component data for Altona and Evans soybean 
cultivars under control and light enriched treatments in 1982. 
ALTONA EVANS 
Control Light 
Enriched 
Control Light 
Enriched ^^^0.01 
Yield m'* of row (g) 210.0 231.1 212.0 351.0 71.1 
Plants m‘^ of row 27.4 27.5 26.7 27.3 NS 
Yield plant'^ (g) 7.66 8.40 7.93 12.86 2.66 
Pods plant*^ 20.44 20.52 23.90 36.23 6.77 
Seeds pod'^ 2.23 2.30 2.32 2.33 NS 
Seed size (mg seed'* ) 168 177 143 153 13.4 
Statistical Significance: 
Yield m'* of row Cult **, LE **, Cult X LE ** 
Yield plant'* Cult LE **, Cult X LE ** 
Pods plant'* Cult **, LE **, Cult X LE ** 
Seed size Cult **, LE ★ ★ 
Significant at P < 0.01 
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Table 3. Final harvest yield component data for control and light 
enrichment treatments in 1983. 
CONTROL LEI LE2 ^S^O.05 
Yield plant'^ (g) 5.53 13.55 8.41 2.78 
Pods plant'^ 12.93 30.71 16.93 6.06 
Seeds pod"^ 2.26 2.39 2.43 0.11 
Seed size (mg seed*^) 188 188 206 10 
Table 4. Final harvest yield component data for Altona and Evans 
soybean cultivars in 1983. 
ALTONA EVANS 
Yield plant"' (g) 9.36 8.97“ 
Pods plant*' 17.98 22.39“ 
Seeds pod*' 2.45 2.26** 
Seed size (mg seed*') 211 176** 
** Non-significant and Significant at P < 0.01, 
respectively. 
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Altona Evans 
Number of Pods 
Figure 1. Number of total (Tot) pods and branch (Br) pods at each 
node of Altona and Evans soybean for control and light enriched (LE) 
plants, 1982. Standard errors are indicated by i-1 . 
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Altona Evans 
Seed Number per Pod 
Figure 2. Average number of seeds per pod at each mainstem node of 
Altona and Evans soybean for control and light enriched (LE) plants, 
1982. Standard errors are indicated by •-< . 
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Altona Evans 
Figure 3. Average seed weight, in milligrams, of seeds at each 
mainstem node of Altona and Evans soybean, for control and light 
enriched (LE) plants, 1982. Standard errors are indicated by i-• . 
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Altona Evans 
Control Light Enriched Control Light Enriched 
Figure 4. Average seed weight, in milligrams, of seeds from 1, 2, 3, 
and 4-seeded pods at each mainstem node of Altona and Evans soybean 
for control and light enriched (LE) plants, 1982. 
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1983 
Figure 5. Final harvest seed dry weight in grams per meter of row for 
Altona and Evans soybean for control, early light enriched (LEI) and 
late light enriched (LE2) plots, 1983. 
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Altona Evans 
Figure 6. Number of total (Tot) pods and branch (Br) pods at each 
node of Altona and Evans soybean for control, early light enriched 
(LEI) and late light enriched (LE2) plants, 1983. Standard errors are 
indicated by »-• . 
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Altona Evans 
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Seeds per Pod 
Figure 7. Average number of seeds per pod at each mainstem node of 
Altona and Evans soybean for control, early light enriched (LEI) and 
late light enriched (LE2) plants, 1983. Standard errors are indicated by 
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Altona Evans 
Figure 8. Average seed weight, in milligrams, of seeds at each 
mainstem node of Altona and Evans soybean for control, early light 
enriched (LEI) and late light enriched (LE2) plants, 1983. Standard 
errors are indicated by i-1 . 
63 
CHAPTER 4 
NODAL RESPONSE OF SOYBEAN SEED YIELD COMPONENTS 
TO SOURCE-SINK MANIPULATIONS 
Introduction 
Fundamental to yield of a grain crop is the concept of photosynthetic source 
and sink. Although it is the end result of many complex processes, yield is basically 
the photosynthetic production of assimilates by chlorophyll-containing plant parts 
(the sources), the translocation of these products to the seeds (the sinks) and the 
utilization of these assimilates to produce storage materials which give the seed its 
economic value (Egli et al., 1989). Consequently, an understanding of the 
interactions between source and sink is important to understanding the processes 
involved in the determination of yield. 
As much as 90% of light interception in soybean occurs at the top and 
periphery of the canopy (Sakamoto and Shaw, 1967; Willcott et al., 1984), but the 
middle portion of the canopy produces most of the yield (Herbert and Litchfield, 
1982; Heindl and Brun, 1984). Most of the photosynthate used in soybean seed 
production is a product of concurrent canopy photosynthesis (Lawn and Brun, 1974; 
Egli and Leggett, 1976), and in spite of the daily fluctuation of photosynthate 
production due to weather and other factors, the seed growth rate is quite constant 
(Hanway and Weber, 1971). These observations suggest the existence of assimilate 
redistribution. 
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Stems have been found to act as temporary storage sites for carbohydrates 
that are ultimately incorporated into seeds in many plant species. This phenomenon 
has been reported, for example, in corn (Hume and Campbell, 1972), barley (Biscoe 
et al., 1975), and wheat (Asana, 1968). It appears, however, that the soybean plant 
does not exhibit this trait (Hume and Criswell, 1973). 
Research into the translocation patterns of soybean has yielded contradictory 
results. While some researchers have concluded that assimilate translocation is quite 
limited (Thrower, 1962; Stephenson and Wilson, 1977; Blomquist and Kust, 1971), 
others believe that assimilate translocation can occur over long distances (Johnston 
and Pendleton, 1968; Gent, 1980). It appears that either translocation pattern might 
operate, depending upon environmental and plant needs. 
The carbohydrate status of soybean leaves is related to the interaction 
between the production of photosynthate and its utilization by the developing seeds 
and other sinks, and this status plays an important role in the production of yield 
(Egli et al., 1980). High starch concentrations in leaves, which can result from the 
photosynthetic production of more assimilates than can be utilized by the available 
sink size, can inhibit net leaf photosynthesis (Nafziger and Roller, 1976) whereas 
decreased starch concentrations can stimulate photosynthesis (Neales and Incoll, 
1968). 
By manipulating the source-sink ratio of soybean, researchers have been able 
to study these carbohydrate inter-relationships. Pod removal reduces the sink 
demand in soybeans and has resulted in the accumulation of carbohydrates in other 
plant parts (McAllister and Krober, 1958; Egli and Leggett, 1976). Reducing the 
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supply of photosynthate by defoliation or shading has been shown to cause 
reductions in the carbohydrate levels in leaves and other plant parts (McAllister and 
Krober, 1958; Thorne and Koller, 1974). 
Many plant species exhibit a negative correlation between the components of 
yield (Adams, 1967). If one component increases, there is a corresponding 
reduction in one or more other components and yield may remain unchanged. For 
example, if for some reason pod number is reduced, seed size may increase with a 
resultant maintenance of yield. 
However, the components of yield are affected by and interact with the 
photosynthetic sources and sinks, and these interactions are not fully understood with 
respect to the indeterminate growth pattern of soybean. The purpose of this research 
was to investigate these relationships by imposing various source-sink manipulations 
on field grown soybean. 
Materials and Methods 
Two soybean cultivars were planted at the University of Massachusetts 
Agricultural Experiment Station Farm in South Deerfield, Massachusetts during the 
summer of 1982. The two cultivars were ’Altona’, of maturity group 00 and 
maturing in approximately 100 days at this location, and ’Evans’ of maturity group 0 
and maturing in approximately 115 days. Planting date was May 18, 1982. The 
previous crop was corn [Zea mays L.] harvested for silage. The soil was a Hadley 
fine sandy loam (Typic Udifluvent). Normal cultural practices of plowing, disking 
and harrowing were followed. Soil pH was maintained near 6.5 by the application 
of agricultural limestone, and fertilizer was applied at the rate of 44 kg ha ^ 
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phosphorous and 83 kg ha'^ potassium, A peat base granular Rhizobium inoculant 
was incorporated during planting. Weeds were controlled chemically by a 
preemergence application of 1.7 kg ha'^ a.i. alachlor [2- chloro-2’,6’-diethyl-N- 
(methoxymethyl)-acetanilide] and 0.85 kg ha'^ a.i. linuron [3-(3,4-dichlorophenyl)-l- 
methoxy-1- methylurea]. Trade names are Lasso and Lorox. 
Seeds with 90% germination were machine planted to a density of 70 plants 
m'^ in 5 rows 50 cm apart. Plots were 8.5 meters in length. Established densities 
were approximately 60 plants m‘^. This population was found to be near optimum at 
this location (Herbert and Litchfield, 1982). 
The experimental design was a split-plot with 3 blocks. Main plot treatments 
were the cultivars (Altona and Evans) factorially arranged with light enrichment 
(LE) and a control. Light enrichment consisted of making increased solar radiation 
available to the center row of each plot by installing 90 cm tall wire mesh fencing 
adjacent to the center row and sloping away at a 45® angle. Fences were installed on 
June 28, 1982, at the onset of flowering of Altona, which is growth stage R1 (Fehr 
and Caviness, 1977), and approximately three days prior to flowering in Evans. 
Fences were left in place for the remainder of the growing season. 
Fences prevented the encroachment of plants from neighboring rows into the 
growing space and into the area of solar interception of the central sample row. The 
purposes of the fence placement were twofold. The primary objective was to allow 
the central row to receive supplemental solar radiation during the growing season. 
Secondarily, it was desired to keep root competition from neighboring rows as 
unchanged as possible. These fences were inspected periodically, and all plants 
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behind them were rearranged to prevent undue crowding and to allow for their 
normal growth as much as possible. 
The sub-plot treatments were various manipulations of plant source-sink 
relationships. When Altona reached growth stage R1 (Fehr and Caviness, 1977), 
which was 3 to 5 days prior to R1 for Evans, the following treatments illustrated in 
Figure 9 were initiated: 
1. C - check plants. 
2. CL - removal of the central leaflet from each trifoliate main axis leaf upon 
emergence. 
3. ALP - removal of the trifoliate leaf and all pods from alternate main axis 
nodes upon emergence. 
4. AP - removal of pods from alternate main axis nodes upon emergence. 
5. SP - removal of all but one pod from main axis nodes. 
Final yield for the check (Q treatment of main plots was calculated from a 
randomly chosen 2 meter length of the central row. In order to obtain a detailed 
analysis of yield components, 10 plants were harvested from the center row of each 
plot. Yield component data were recorded for the total plant and at each node 
position. Where branch data are reported, they are for the entire branch and are 
designated according to the main axis node from which it arose. Among the data 
recorded were pod number, seed number, stem dry weight and seed dry weight. The 
final data analysis consists of a detailed separation of the yield components by 
treatment and node position in order to discern the effects of the independent 
variables upon component makeup. 
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Results and Discussion 
Final yield component data and the ANOVA results are shown in Table 6 
and Tables 7, respectively. The effects of source-sink manipulation on seed yield 
per plant are shown in Figure 10 which illustrates total seed yield and the 
distribution of yield between main axis nodes and branches. Seed yield showed 
significant manipulation and light enrichment responses. Decreasing the 
photosynthetic source by removing central leaflets from all leaves (CL) reduced yield 
by 40%, and removing the trifoliate leaf and pods from alternate main axis nodes 
(ALP) reduced yield by 51% compared to check plants. The two treatments which 
decreased sink size, removing pods from alternate main axis nodes (AP) or thinning 
pods to only one per main axis node (SP), did not affect yield. In the AP treatment 
the increased seed production by the remaining main axis nodes and branches 
compensated for the loss of yield from the depodded nodes, while the increased yield 
from branches of the SP plants offset the reduced seed yield from main axis nodes. 
The branch contribution to seed yield for AP and SP plants was 41% and 49%, 
respectively, while for check plants the branch contribution to yield was 23%. 
Branches accounted for a similar percentage of yield for the CL plants (26%) 
compared to check plants, and branches for the ALP plants contributed 37% of total 
yield. 
The other factor which affected yield per plant was light enrichment. Light 
enriched plants outyielded control plants by 29%. This increase in yield was 
brought about by proportional increases in yield from main axis nodes and branches. 
69 
Branches accounted for 31% of the yield of control plants and 37% of that of light 
enriched plants. 
Figure 11 shows the distribution of pods per plant between main axis nodes 
and branches. The close similarity between Figure 10 and Figure 11 illustrates that 
many of the seed yield responses due to source-sink manipulation and light 
enrichment resulted from changes in the number and pattern of distribution of pods 
on the plants. As was the case for seed yield, pod number per plant exhibited 
significant manipulation and light enrichment responses. However, this component 
also showed a cultivar response and a manipulation, LE and cultivar (M*LE*C) 
interaction. (For brevity and convenience throughout the remainder of this chapter, 
I will use the following abbreviations to represent factors when describing 
interactions: M for source-sink manipulation, LE for light enrichment and C for 
cultivar). 
Decreasing the photosynthetic source by removing central leaflets from all 
leaves (CL) reduced pod number by 31%, and removing the trifoliate leaf and pods 
from alternate main axis nodes (ALP) reduced pod number by 24% compared to 
check plants. Removing pods from alternate main axis nodes (AP) or thinning pods 
to only one per main axis node (SP) did not affect total pod number. In the AP 
treatment the remaining main axis nodes and branches increased their production of 
pods to compensate for the reduction in pods from the depodded nodes, while the SP 
plants compensated for the reduction in pod production from main axis nodes by 
increases in branch pod production. The branch contribution to pods for AP and SP 
plants was 44% and 45%, respectively, while for check plants the branch 
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contribution was 25%. The effect of light enrichment on pods per plant was a 31% 
increase over control plants, and Evans produced 41% more pods than Altona. The 
significant M*LE*C interaction was primarily due to the high pod number obtained 
for Evans with light enrichment, and low yields that resulted from leaf and leaf/pod 
removal without light enrichment for both cultivars. The greatest yield increases 
from the overall mean for Evans with light enrichment ranged from 40% to 72%, 
while reductions from leaf/pod removal under control light conditions were as high 
as 42%. 
The effects of light enrichment and source-sink manipulation on seed number 
per pod were smaller relative to changes in pod number per plant (Figure 12). 
Some differences, although small, were significantly different. Manipulation, light 
enrichment and the M*LE interaction were significant effects for the number of 
seeds per pod. The removal of all pods from alternate nodes (AP), and all but one 
pod from each node (SP), caused no changes in seeds per pod, but the removal of 
central leaflets from alternate nodes (CL) and leaves and pods from alternate nodes 
(ALP) each caused a 10% reduction in the number of seeds per pod compared to 
control plants. This reduction in seeds per pod was also significantly different from 
the AP and SP treatments. The effect of light enrichment on this seed yield 
component was an increase of 4%. The combination of CL or ALP and control 
light conditions was responsible for the M*LE interaction, with reductions in seeds 
per pod of 9% and 13% for CL and ALP, respectively, under control light 
conditions. 
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Average seed size showed significant manipulation, cultivar and M*LE 
effects. The effect of source-sink manipulations on seed size (Figure 13) resulted in 
some larger changes than for seed number per pod, but there were also close 
similarities. The seeds from the CL plants had 9% smaller seeds, indicating that 
although the plant had regulated the number of pods and seeds produced in response 
to the lessened photosynthetic area, there was not enough photosynthate produced to 
adequately fill the seeds. The ALP seeds did not greatly differ in size from seeds 
produced by check plants, suggesting that the combination of lessened assimilatory 
surface coupled with reduced sink size resulted in normal seed size. Reducing sink 
size on the main axis throughout flowering and podding resulted in increased seed 
size of remaining seeds. Plants which had pods removed from alternate nodes (AP) 
increased the size of the remaining seeds by 11%. The greatest increase in seed 
size, however, occurred in the plants which had only one pod at each node (SP). 
These seeds increased their size by 16% compared to control. The significant 
cultivar effect was due to Altona’s seeds being 20% larger than those of Evans. The 
significant M*LE interaction was primarily due to the 11% to 15% increases in seed 
size of the LE and control/SP and AP combinations and the 15% decrease due to the 
control/CL combination. 
The distribution of main axis pods across nodes is illustrated in Figure 14. 
Most pods were produced at the nodes in the lower and central sections of the 
plants, aided by the contribution from branches at nodes one to four. Contributions 
of nodes 1 to 7 to total pod number ranged from 68% to 94% with an average of 
82%. When the central leaflet (CL) or leaves and pods from alternate nodes (ALP) 
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were removed from Altona, the percentage of pods from nodes 1 to 7 was especially 
great ranging from 77% to 94% and averaging 89%. Any source-sink manipulation 
treatments in which leaves or pods were removed from the plant resulted in changes 
in pod number across all node positions. This was true for each cultivar in both 
control and light enriched plots. The increase in pods from light enrichment also 
occurred relatively consistently across all nodes. 
Seed number per pod was mostly constant across node position (Figure 15). 
This suggests that the proportion of 1, 2, 3, and 4 seeded pods produced at each 
node was relatively constant. The variation in seeds per pod seen at the extreme 
node positions was mostly due to the small number of pods borne at these nodes. 
Since very few pods were produced at these nodes, the presence of a 1 seeded or 4 
seeded pod unduly weighted the average number of seeds per pod. Furthermore, 
any changes in the number of seeds per pod due to treatment occurred consistently 
across nodes. 
Seed size at different nodes is shown on Figure 16. Seed size was relatively 
constant regardless of the node on which the seeds were produced. This is 
significant since pods form and seeds commence filling first on the lower nodes in 
these indeterminate soybean cultivars, yet this does not affect final seed size. As 
was the case with seed number per pod, any changes in seed size due to treatment 
occurred constantly across nodes. 
Summary 
This research has shown that sink size in soybean is first regulated by 
changes in pod number and that these changes occur across all main axis nodes. 
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Seed size of soybean is reasonably constant across main axis nodes and branches for 
plants of the same cultivar growing in a particular environment. This has been 
shown, even for plants of widely different morphology, in plant density and row 
spacing studies. Plants grown at low and high densities and at narrow and wide row 
widths had similar seed size across nodes (Mumaw and Weber, 1957; Lehman and 
Lambert, 1960; Herbert and Litchfield, 1982; Willcott et al., 1984). However, this 
research demonstrated that seed size was responsive to changes in the source-sink 
ratio and changes in the environment during the growth of the soybean plant. The 
results suggest that if environmental conditions for seed filling improve during 
flowering and seed filling, and/or if the source-sink ratio is altered, seed size can 
increase. Such results help to explain differences in seed size between years where 
factors other than environment are kept constant. 
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Figure 10. Final harvest seed dry weight per plant of Altona and Evans 
soybean, for control and light enriched (LE) plots and source-sink 
manipulation treatments, 1982. C - untreated check. SP - single pod 
kept at each main axis node. AP - pods removed from alternate main 
axis nodes. CL - central leaflet removed from each leaf. ALP - pods 
and trifoliate leaf removed from alternate main axis nodes. 
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Figure 11. Number of pods per plant of Altona and Evans soybean, for 
control and light enriched (LE) plots and source-sink manipulation 
treatments, 1982. C - untreated check. SP - single pod kept at each 
main axis node. AP - pods removed from alternate main axis nodes. 
CL - central leaflet removed from each leaf. ALP - pods and trifoliate 
leaf removed from alternate main axis nodes. 
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Figure 12. Number of seeds per pod from mainstem nodes of Altona 
and Evans soybean, for control and light enriched (LE) plots and 
source-sink manipulation treatments, 1982. C - untreated check. SP - 
single pod kept at each main axis node. AP - pods removed from 
alternate main axis nodes. CL - central leaflet removed from each leaf. 
ALP - pods and trifoliate leaf removed from alternate main axis nodes. 
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Altona Evans 
Figure 13. Average seed size of seeds from mainstem nodes of Altona 
and Evans soybean, for control and light enriched (LE) plots and 
source-sink manipulation treatments, 1982. C - untreated check. SP - 
single pod kept at each main axis node. AP - pods removed from 
alternate main axis nodes. CL - central leaflet removed from each leaf. 
ALP - pods and trifoliate leaf removed from alternate main axis nodes. 
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Figure 14. Number of main stem pods at each node of Altona and Evans 
soybean, for control and light enriched (LE) plants and source-sink 
manipulation treatments, 1982. C - untreated check. SP - single pod kept at 
each main axis node. AP - pods removed from alternate main axis nodes. 
CL - central leaflet removed from each leaf. ALP - pods and trifoliate leaf 
removed from alternate main axis nodes. 
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Figure 15. Number of seeds per pod at main stem nodes of Altona and Evans 
soybean, for control and light enriched (LE) plants and source-sink manipulation 
treatments, 1982. C - untreated check. SP - single pod kept at each main axis 
node. AP - pods removed from alternate main axis nodes. CL - central leaflet 
removed from each leaf. ALP - pods and trifoliate leaf removed from alternate 
main axis nodes. 
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Figure 16. Average seed size of seeds from main stem nodes of Aitona and Evans 
soybean, for control and light enriched (LE) plants and source-sink manipulation 
treatments, 1982. C - untreated check. SP - single pod kept at each main axis 
node. AP - pods removed from alternate main axis nodes. CL - central leaflet 
removed from each leaf. ALP - pods and trifoliate leaf removed from alternate 
main axis nodes. 
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